This paper presents a fuzzy logic controller for series reactance switching to damp power system electromechanical oscillations. A set of control rules are constructed and inference is provided by fuzzy logic reasoning. The knowledge base for the controller is established from observation of the dynamicrd behaviour of a simple power system and the general engineering knowledge about the system dynamics.
INTRODUCTION
Power systems transmitting high power over long distances are often subject to stability problems. In this respect, both large disturbance stability and small disturbance stability might limit the transmission capacity.
In 1966, Kimbark [1] showed that the transient stability of an electric power system can be improved by a switched series capacitor. In recent years, progress in the field of high power electronics has led to the development of thyristor switches which can be used for switching of series capacitors (reactors) . By controlling the reactance of a transmission line, damping of electromechanical power system oscillations can be enhanced [2] . This paper presents a FLC for damping of power system electromechanical oscillations which can provide robust control characteristics with respect to line loadlng and fault type. The power systems studied in this paper are quite simple, but by studying simple systems the basic characteristics of the controller can be analyzed and conclusions drawn which give insight for larger systems.
Further, since all the essential dynamics for the phenomena studied here are modelled, general conclusions can be extracted from the results presented in the paper. This means that the proposed control method can be implemented in more complex, i.e. realistic power systems, to damp tieline oscillations. This paper is an extension of the work reported in [7] .
The paper is organized as follows: In section 2, the dynamics of a simple power system is analyzed and a multimachine test system is deseribed. Section !3 presents the proposed fuzzy logic controller. 
Phase Trajectories
The phase trajectories for the simple system can be constructed by solving differential equations (1) and (2) with the initial states 6(0) and w(0). 
Multi-Machine Test System
The power system shown in Fig 8] or by measuring the voltage and current at the location of the switched reactance [9] . By varying the controlled reactance it is thus possible to bring the system back to the initial operating point, i.e. to the same 6 as before the fault, even when e.g. a line section is lost in connection with a fault. The angular frequency u is computed at the kth sampling time from:
where T is the sampling time (In this example T = 10ms).
To gain further flexibility to the scheme, line switching could also be considered as control actions, as suggested in [10] . This possibility y has not been explored in this paper but might be a useful complement to the controlled reactance scheme employed here.
The proposed FLC is described in the following:
Input and Output Variables
If 60 and W. are the states of the initial operating point (which are known from estimation prior to a disturbance), the errors e6 (k) and ew(h) at sample k are
In general, it could be possible to control the system to a new operating point different from the initial one. The It should be noted that the scaling of the fumy sets is 
where w, ml, mz are the number of rides corresponding to each switching state (in this case w +ml +mz = 35).
Defuzzification Stage
The final control output must be a discrete value indicating the switches states.
A decision procedure must be employed in order to determine the control value suggested by the membership value jL(C. ) defined in (9-11).
The value of C. with the largest membership degree is selected as the crisp output. For example, if P(CO) = 0.2, K(cl) = 0.3 and fi(cz) = 0.8, then the output signal would be C2 (switch on the capacitor). It is worthwhile to mention that, in this example the inherent damping of the system was selected relatively low for a better presentation of the influence of the controller. That is why there is still some small oscillations after the action of the controller. However, in the realistic systems, these remaining small oscillations are damped by the inherent damping sources in power system or by the damping effect contributed by the power system stabilizers.
CONCLUSIONS
A rule-based controller using fuzzy logic for control of line reactance to damp power oscillations was proposed. Kolodziej an interesting approach toward solving the nonlinear control problem. The authors want also to thank for the introduction of the apparent impedance measurement method developed by BPA which will be considered in future work.
q Clearly the final weakened post disturbance state should be with the series capacitor switched on. To allow for a new and unknown post-disturbance operating point, the idea to use the speed only as input to "identify" this new operating point is probably useful. However, it must be combined with some other criteria to identify situations where (0 is small and the angle difference is large. For these situations a switching should be done. One possibility might be to use the acceleration of 0), i.e. h. where Pb~,, is the base loading and P is the present loading of the intertie. This implies that the adaptation of the controller is done by contraction or expansion of the fuzzy partitions (scaling of c+, C/z, c+and di in Fig, 4 ).
. The simulation for case iii is repeated with one switching; i.e., after the opening of the faulted line, the capacitor is switched on and it remains connected. The variation of 8Z against time is shown in Fig. 15 . It should be noted that no additional damping is modelled in these simulations. In a real case, the oscillations should be more 
